INTRODUCTION
OUR evolutionary studies on Maniola jurtina in the Isles of Sdily have already been described up to (Dowdeswell et al., ig6o) . Here and elsewhere we have made use of a quantitative character, the number of spots on the underside of the hindwings, for analysing the variability of this species and its response to differing conditions. The female spot-frequencies differ on five small islands, though remaining constant (with certain specific exceptions) on each, while they have been similar on three large ones, St Martin's, Tresco and St Mary's, with approximately equal values at o, , and 2 spots. This latter stabilisation broke down for the first time in 1956 and ,957 on St Martin's and in 1957 on Tresco, but not on St Mary's where it persisted. Thus it was a matter of particular interest to determine what had happened in subsequent seasons. There were further reasons for this. We were anxious to know if any corresponding changes would affect the small islands or small isolated communities on the large ones. In one of these latter on Tresco, the population had maintained a constant value, unlike that in the Main Area of the island, from 1954-56, while in 1957 the butterfly had become nearly extinct in that particular locality.
We were anxious to discover if the numbers would rise again and, if so, what frequency-distribution they would adopt. Answers to these questions are supplied in the present account, in which we describe the status of these Maniola jurtina populations in i 958 and 1959. Unfortunately we encountered great difficulties in the latter year.
A long period of heat and drought had brought the butterfly out exceptionally early and the emergence was well advanced before we could be in the field in. late July, owing to other commitments. We had then first to undertake the pressing work on the remarkable evolutionary situation on the Devon-Cornwall border, the results of which have already been published (Creed et al., 1962) . Thus by the time two of us (E.R.C. and E.B.F.) could reach the Isles of Scilly in mid-August, Au. jurtina was nearly over; normally the species is extremely abundant in the Isles at that date, somewhat later than on the Mainland. In consequence we were only able to obtain small samples in 1959, though spending long periods in collecting them. i95o to 1955 period (x() = 8o4). The male spotting was unimodal at 2 and its spot-average remained nearly stationary in 1956 (225 compared with 2 22 the previous year) but slightly increased, to 2 •38, in 1957. These facts have already been described (Dowdeswell, Ford and McWhirter, 1960) .
In 1958, female spotting had returned to the "flat-topped" condition with a spot-average of I 32 (table i), but the slight excess at o still perceptible in that year became marked again in 1959, with a spot-average of o9o (table 2) , though not to a significant extent compared with the stabilisation from 1950 to 1955 (x() = 347, o'2>P>o1). The tendency for the males to become more spotted, observable in 1957, continued and increased in 1958, producing a spot-average of 2 87. Unfortunately, for the reason already given (p. 471), they were nearly over when we arrived in 1959 and only nine could be obtained in this area so that their spot-average (2.56) is not significant (see tables i and 2).
As explained in our last paper, we subdivided the Main Area of St Martin's into three sub-areas in 1957 (areas A, B and C, see map, fig. i), to determine whether or not the spotting of a large island distribution were illusory as such, perhaps representing a combination of several different spot-frequencies. The latter possibility was disproved, the spotting in the three sub-areas being homogeneous. In 1958 we again subdivided the Main Area, using sub-areas B and C as before and a third, E, the sand dunes west of Middle Town where we had collected in the past but where we could obtain no specimens in 1957. The collections from these three sub-areas, which together constituted the main sample, proved to be remarkably homogeneous in 1958 (table i) for X() P07. The great deficiency of specimens in 1959 made it impracticable to subdivide the Main Area into more than two components. These were B and C and the spotting in the female samples obtained (see Maniola jurtina to its localised habitats, it does nevertheless seem possible that individuals might sometimes be blown up from area H below (where the population was unimodal at o), so producing the heterogeneity of area A from one sampling to another. Alternatively, it may be that this small area was subject to powerful selection respectively for the two St Martin's stabilisations (p. 475) during the season. We could obtain no specimens there in 1959.
Isolated Areas. We have pointed Out in previous papers that owing to the nature of Maniola jurtina colonies, those occupying isolated areas on the large islands are capable of adjusting themselves to the special conditions of their habitats, much like those still more effectively cut off on small islands. Certain restricted localities of this kind occur near the coast of St Martin's (their positions are given in the map in our i g6o paper). The populations inhabiting the majority of them conform to one or other of the two alternative stabilisations found in the Main Area of the island or else follow a low-spotted pattern in which the female spot-distribution is unimodal at o spots. In the Main Area a form with approximately equal frequencies at o, i and 2 spots is the 
The flat-topped distribution has appeared twice in these small isolated localities. One of these was the population at Pernagie (J) in 1958 (table 6) , when it was homogeneous with that in the main part of the island the same year; for the comparison X 542 with P>o•i.
Almost the whole of this 2, 415 indeed, is supplied by the individuals with 3 spots or over; the correspondence involving o to 2 spots, upon which in fact the comparison rests, is therefore a close one. As far as can be detected from the small sample it was possible to obtain (21 specimens), the Pernagie population had been unimodal at o the previous year, 1957. 
The other isolated flat-topped distribution occurred at Gun Hill in 1958 (see table 4 , second column from right). This area seems indeed very susceptible to adjustment since it had passed the following year (i) to the type of frequency-distribution descending steeply from o (table 4, right-hand column), like the Southern English (Creed et al., 1959) . This latter type also characterises the populations in Top Rock Valley (K) opposite White Island (and in White Island itself, p. 481) and that at Bab's Cam (F). Here we have evidence of the marked stability in spotting to which these small enclaves can attain when they have acquired a type well adjusted to them, for Area K has been constant ever since it was first studied in 1953 and it has remained so during the two years now under review (1958 and 1959) , see table 7. We have thus sufficient numbers to determine whether the two spotdistributions unimodal at o found on St Martin's are in fact distinct:
the "Southern English" type, descending steeply from o, and the alternative Main Area spotting with equal values at i and 2 (found also in some isolated enclaves). The two are compared in table 8 and they proved to be significantly distinct (x) = 14'55 for which P<o'oi).
The Main Area. Up to and including 1956, the female spotdistribution on Tresco had been of the "flat-topped" type with approximately equal values at o, i and 2 spots, one characteristic also of the two other " large" islands that we have studied: St Martin's and St Mary's. [n 1957, however, the Tresco population was much smaller than usual, though still amounting to several thousand, and it underwent a striking alteration to a lower female spot-frequency concurrently with a profound ecological change, one in which a dearth of grass and a dying back of bracken and bramble had resulted from a long and severe spring drought. In that year the selective elimination against females with 2 or more than 2 spots was 6o'6 per cent, with 95 per cent, fiducial limits at 8o'7 and 193 per cent. This, as we commented, represented "the strongest selection-pressure against a group of widespread phenotypes in a variable wild population that has ever been recorded ". These facts were fully reported by Dowdeswell et al. (1960) . They are summarised here in table 9 in which the 1956 2H data are shown separately to indicate that no tendency to depart from the flat-topped distribution was perceptible in that year. It was obviously a matter of much interest to obtain information on the ecology and Maniola population in the years immediately succeeding. This we were able to do, and the spot-frequencies for 1958 and 1959 are added to table 9.
Following a normal season, the vegetation on Tresco had largely recovered in 1958. Maniola jurtina had again become common that year but its female Spotting did not return to normal. On the contrary, it took up a new value with a mode at i. This is a quite That suggestion is supported by the fact that the population seems to have returned to its normal flat-topped distribution the year following (j) as far as our limited data are able to show (see table g ). It was indeed with the utmost difficulty and many hours of work that we were then able to raise our sample to the small total of 29 females, collecting, as we were, when the emergence was nearly over. The Farm Area. This enclave, of 200 X 70 yards, is isolated from the Main Area of Tresco. It ecology is exceptional, since it supports an unusual flora consisting partly of escapes from cultivation. In spite of its small size, we were able to obtain adequate collections there in the three years 1954-56. These spot-frequencies are homogeneous and sharply unimodal at 2, a type distinct from that characterising the Main Area of the island (Dowdeswell et al., 1960, see table 12) . The drought of 1957 which had materially reduced the numbers of Maniolajurtina in the Main Area of Tresco had almost depopulated the Farm Area since this locality has a very sandy soil which much accentuated the effect of the prolonged dry weather. In fact, a search involving four net-hours at the height of the season only produced four butterflies, all females, which in so small an enclave may well have represented the entire flying population at the time.
Here indeed was a situation in which the operation of random genetic drift or of the founder principle (the effect of an occasional wanderer from the Main Area) might be expected to be decisive in controlling the evolution of the colony in the Farm Area when its numbers rose again. They did so the following year (1958), for the vegetation had by then largely recovered; not indeed to as high a value as before, but to a level which enabled us to obtain i6 males and 20 females in five net-hours. The daily flying population at the time was probably between 50 and ioo imagines. Yet we found that the population, thus reconstructed after extreme numerical reduction, had returned to the same exceptional spot-frequency which had characterised it previously: one in which the females were unimodal at 2 (table io). The comparison between the female population of 1958 and that during the period 1954-56, before the numerical collapse of 1957, is given by x = o6i with P>o-3, using Yates' correction.
It will be noticed that this return to a previous value is not explicable in terms of migration; since the spot-distribution in the Main Area of the island, whence any migrants must come, was known throughout the whole period and it was never of the kind found in the Farm Area. Extremely powerful selection in favour of a type adapted to the highly abnormal conditions of that habitat is indicated by these facts. This is, in any event, a second order difference, the reality of which might well be established with larger samples.
(iv) Conclusions on the large islands
We have shown that in Scilly the three large island populations which we have studied are in general all stabilised in a similar way, with approximately equal values at o, i and 2 spots in the females (from which they may be displaced by exceptional climatic conditions but to which they have always returned), while those on five small islands take widely differing, but constant, values. Our results indicate that this situation is due to selection. That is to say, the populations on the small islands can be adjusted to the special conditions of each habitat while those flying in extensive and diversified areas on the large ones can adjust only to the average of the conditions found there, and such averages will tend to be similar. However, attempts have been made to interpret this situation differently: the similarity of the large island populations and the dissimilarity of those inhabiting the small islands has been ascribed to the "founder principle" by Dobzhansky and Pavlovsky (i) and to" intermittent drift "by Waddington (i7) . It is likely that neither suggestion would have been made had these authors known that a large island population can, as an exceptional occurrence, change in a single generation to an entirely distinct spot-distribution, the numbers remaining large (some thousands) throughout. Thus the derivation of the large island communities from an original Scillonian type, conferring similarity upon them, as required by the theories of Dobzhansky and Pavlovsky and of Waddington, is scarcely a tenable concept.
Moreover, consequent upon an extreme ecological change, due to the removal of a long-established herd of cattle, we had already witnessed on Tean a readjustment to a new spot-value as different from the old as that distinguishing one small island type from another (Dowdeswell et al., 1957) . The proof therefore is complete that neither intermittent drift nor the founder principle is responsible for the types of spotting which distinguish M. jurtina in the various Isles of Scilly. It is to be noticed that the spot-frequency has remained constant on the most diversified of the large islands, St Mary's, in accord with the selective interpretation adopted here.
THE SMALL ISLANDS (I) White Island
This island, lying off the north-west coast of St Martin's (see map, fig. i ), consists of two rocky land masses rising to over 50 feet above sea level and joined by a low-lying isthmus. One of the most obvious changes when we visited the island in 1958 was that the sea had washed across this strip in the winter storms killing all the grass and leaving a band about 30 m. wide occupied only by a few salt-loving plants. As it was felt that this might now constitute an effective barrier to M. jurtina, we decided to collect the two halves of the island separately.
The results of both years' collections are given in table i together with the combined figures for 1953-57 which we have previously shown to be homogeneous. Although the north and south female samples in 1958 are not significantly different from one another, the distinction between the latter and the combined samples for previous years is measured by X() = 1632 giving P<oooi.
The overall increase in spotting on White Island is reflected to a far greater extent in the males, the mode being at three spots in the south and four in the north; the two male samples are significantly different (x = 7.70 giving oo5>P>oo2). In view of these changes we decided against continuing the experiment of transferring females across to Top Rock Valley (see p. 348 and Dowdeswell et al., 1960) .
In 1959 the mode at o of the females from the northern part was more pronounced, the sample being very similar to the combined White Island figures of 1953-57. In the south only seven females were caught, 2H2 but when compared with the sample from the north using Armsen's 2 X 2 contingency tables (x 955) the difference is found to be significant at the i per cent. level. Only one male was caught in each area in I9.
(ii) St Helen's St Helen's had previously been visited in ii and (Dowdeswell and Ford, 1955) , the female samples for the two years being homogeneous when compared in a 2 xn table (x() = 5 •8o; P = oi to 0.2). We collected 52 females in 1958 and as will be seen from table 13 there has been a decrease in spotting as indicated by the A progressive change in the spot distributions had been observed on Great Ganilly between 1951 and 1955; this was more or less reversed in 1956 (Dowdeswell et al., 1960) . At the time we were unable to ascribe any causes to this, but in view of the result of 1959 it seems likely that a large part of the variation can be accounted for on the basis of non-random collecting. Different proportions of the samples coming from the north and south each year would cause apparent fluctuations in spot-distribution between limits set by the two component halves. This will not, however, account for the increase in male spotting which has persisted since 1956. Previously the mode of the male spot-distribution had been at 2 spots; since then the mode has been at 3 or more spots. We have shown (Dowdeswell et al., 1960 ) that the i 951 and i 955 figures for the males are homogeneous with x(L = 28o; o3>P>o2. The samples for 1956 to 1959 also prove to be homogeneous with X() = 382; o3>P>o2. When the two sets of samples are each combined and compared the difference is given by = 3979. This change occurred at a time when the population was large, probably of the order of 10,000 insects, and it is therefore unfortunate that in the circumstances the figures for the females cannot be more fully analysed.
DISCUSSION
When we first observed that isolation of populations of M. jurtina could afford them an opportunity of genetic adjustment to varying selective forces, we took the cautious view that such distinctions might occur when the populations were entirely separated by about 150 yards of terrain over which the imagines were reluctant to fly (Dowdeswell and Ford, 1955) . Different equilibria of gene frequencies could be sustained by comparatively slight divergences in constant selective forces operating in each contrasted habitat, provided that enough time had elapsed for such equilibria to become established. Important ecological changes, however, such as those occasioned by the removal of cattle from the island of Tean could evoke rapid adjustment in the butterfly population (Dowdeswell, Ford and McWhirter, 1957) .
Subsequently, however, we obtained evidence that the selective forces acting on the genes controlling spotting in the butterfly must be very strong indeed, and, though usually constant, could themselves vary sharply from time to time. Further, we found that even partial isolation of populations in areas of variable selection such as Scilly is enough to allow this strong selection to maintain sharply distinct population structures. This has become clear in the Farm Area of Tresco and in the various coastal enclaves on St Martin's, none of which is so isolated that occasional immigrants do not enter from neighbouring areas, yet all of which maintain significantly distinct populations. In the cases at least of the Farm Area of Tresco and of Top Rock Valley on St Martin's these specially adapted populations
have not yet been found to vary from year to year despite great fluctuations in the effective breeding numbers.
After our discovery on the Mainland (Creed et al., '95g ) that the switch from the South English pattern occurs at a very sharp boundary near the Devon-Cornwall border and that there need be no isolation between populations responding to the two types of selection, we thought it important to analyse the Scilly populations even more minutely according to geographic sub-areas. The results have been rewarding in that analysis of the St Martin's populations shows that there is, as we had suspected, a large "Main Area" composed of homogeneous sub-areas in which no isolated pockets could be detected;
where, however, we had seen some possibility of partial isolation, perhaps o yards of unfavourable terrain, we have in fact demonstrated significantly distinct peripheral populations. In White Island we seem actually to have witnessed the division of a homogeneous population as the incursion of the sea widened a strip of ground, which the insect could not inhabit, beyond the critical size (here perhaps 25 to 30 yards).
This division seems to have induced a short period of violent disturbance of the normal correlations between male and female spotting, after which one side (the Northern part with the larger current population) reverted to the former, less highly spotted pattern, while the other side seems to be establishing a new, more highly spotted population. A similar division had probably already taken place on Great Ganilly before we became aware of the subtly small amount of isolation needed to allow strong selective pressures to mould distinct population types of this insect at each end of the island. If then the selective forces are strong ones, the possibility must always exist that large populations, irrespective of their size, could undergo sudden and substantial transformations. Such have now been observed both on the Mainland and on St Martin's and Tresco in Scilly. Further, Dowdeswell (1961 and 1962) has presented evidence that a widely occurring Braconid, Apanteles tetricus, and perhaps a bacterial pathogen are two of the selective agents acting on the larval phase of M. jurtina.
It would be strange if similar patterns had not been observed in such other wild organisms as have been adequately and quantitatively studied. Bradshaw (1952 Bradshaw ( , 1959 Bradshaw ( and 1960 has carried out an intensive survey of morphological and physiological differences in populations of a common grass, Agrostis tenuis Sibth. This outbreeding plant develops populations which vary greatly in habit and in ability to resist what are normally toxic levels of lead and zinc in the soil. These differences were found to be reproduced in seedlings bred from wild samples. Bradshaw remarks (1959, at p. 223) " Providing differences in natural selection are great enough, they can maintain differences between populations between which there is a considerable gene flow." In this earlier work Bradshaw found that A. tenuis exhibited differences between populations separated by only 150 feet (50 m. approximately). Later Bradshaw and As ton (1963) observed that populations of different genetic types could be found within a few feet of each other. Sympatric evolution is leading to the development of highly varied and specialised populations in these grasses.
Intensive studies of selection in the snails Cepa?a nemoralis and C. hortensis have been carried out for some years by A. J. Cain and his colleagues. In a recent paper on area effects in Cepea, Cain and Currey (1963, at pp. 15-16 ) report a remarkably steep phenotype dine in nemoralis specimens. These switch from 8o to I 2 per cent. in favour of yellow shells to 13 to 73 per cent, in favour of brown shells within 130 m.
The authors believe that these populations arc in no way isolated from each other except by distance. Although in many areas of mixed background, selection has been shown to be maintained by predation Sheppard, 1950 and 1954) , there is in this case no obvious clue to any selective forces which might produce the dine.
These general conclusions are in accord with, and are strongly supported by, the work of Thoday and Boam (1959) It is reasonable to conclude that the apparent stability of species or of geographically defined breeding groups is often, or even normally, the resultant of a large number of strong selective forces. A complete analysis of these would involve one in the complex and almost impossible task of a complete investigation into the whole nexus of ecological factors acting directly or indirectly on the subject species. Identification of the major forces with respect to a particular character is, however, a reasonable objective and would permit the observer to predict change in the gene frequencies of a suitable wild population.
Ability to predict evolutionary trends from measurements of local, temporal or qualitative changes in selective forces is the next stage to which combined ecological and genetical studies should lead us. More rapid solutions of problems in the breeding, choice and adaptation of domestic animals and plants should eventually be obtained by following this line of thought. From many points of view, and especially now that difficulties in experimental breeding and rearing are being overcome, M. jurtina is proving a useful model for objectives of this kind. 3. In 1958 the main area of Tresco showed an unusual spotdistribution with a mode at i; in it reverted to "flat-topped ". 4. The population in the Farm Area of Tresco, after an extreme reduction in size in 1957, had largely recovered in 1958. In spite of the opportunity for random genetic drift, the spot-distribution was the same as before the drop in numbers, demonstrating that it is controlled by powerful selection.
5. St Mary's has retained the flat-topped distribution unchanged since it was first visited.
6. The isolated areas on St. Martin's may adopt one of three well defined stablisations; they may be fiat-topped, or have a mode at o spots with either equal numbers at i and 2, or with progressively fewer individuals in each spot-number class.
7. The collecting area on White Island is becoming divided into two halves by the effect of salt spray on the vegetation at the narrowest point of the island. The males, but not the females, from the two halves differed significantly in 1958; the females were significantly different on the two halves in 1959, but only two males were caught.
8. The females on St Helen's show a slight decrease in spotting when compared with previous years. 9. Collections of females from the two halves of Great Ganilly were found to differ significantly in respect of spot-numbers; the area separating the two halves is in many ways similar to the break on White Island. The collection of different proportions of the sample from the two halves in previous years may account partly for the apparent changes in spot-distribution of the females. It cannot account for the progressive increase observed in male spotting.
io. These sharp geographical changes in spot-distribution are discussed in relation to the similar phenomena found on the mainland of Britain in this insect and in other species.
ii. The similarity of spotting on the large islands and its dissimilarity from one to another of the small ones has been attributed by Dobzhansky and Pavlovsky to the "founder principle" and by
Waddington to "intermittent drift ". It is likely that neither suggestion would have been made had the authors known that the large-as well as the small-island colonies can, in exceptional circumstances, change in a single generation to entirely distinct spot-values, without marked reduction in population size.
